We construct a class of linear codes by choosing a proper defining set and determine their complete weight enumerators and weight enumerators. The results show that they have at most three weights and they are suitable for applications in secret sharing schemes. This is an extension of the results raised by Wang et al. (2017) .
Introduction
Throughout this paper, let p be an odd prime and q = p e for a positive integer e. Denote by F q a finite field with q elements. An [n, κ, δ] linear code C over F p is a κ-dimensional subspace of F n p with minimum distance δ (see [21] ). Let A i denote the number of codewords with Hamming weight i in a linear code C of length n. The weight enumerator of C is defined by 1 + A 1 z + A 2 z 2 + · · ·+ A n z n .
A code C is called a t-weight code if there are t nonzero A i for 1 ≤ i ≤ n.
The complete weight enumerator of a code C over The weight enumerators of linear codes have been well studied in literature, such as [11, 12, 22, 24, 28, 29] and references therein. The information of the complete weight enumerators of linear codes is of vital use because they can show the frequency of each symbol appearing in each codeword. Furthermore the complete weight enumerator has close relation to the deception probabilities of certain authentication codes [7] , and is used to compute the Walsh transform of monomial and quadratic bent functions over finite fields [13] . More researches can be found in [2, 3, 8, 16, 17] .
We introduce a generic construction of linear codes developed in [6, 9, 10] .
Denote by Tr the absolute trace function from F q to F p . A linear code of length n = #D is defined by
The set D is called the defining set of C D . This construction technique is general and has received a good deal of attention, see [1, 14, 18, 19, 23, 25, 26] for more details.
Let d = gcd(k, e) be the greatest common divisor of positive integers k and e. Suppose that e/d is even with e = 2m and m > 1. Motivated by the above construction and the idea of [23] , we investigate a class of linear codes with defining set
where a ∈ F * q and c ∈ F p . We will extend the results presented by Wang et al. [23] who studied the case where a = 1.
The remainder of this paper is organized as follows. In Section 2, we describe the main results of this paper, additionally we give some examples. In Section 3, we briefly recalls some definitions and results on exponential sums, then proves the main results. In Section 4, we make a conclusion.
Main results
In this section, we only introduce the complete weight enumerator and weight enumerator of C Dc with defining set D c . The main results of this paper are presented below, whose proofs will be given in Section 3. Denote s = m/d.
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, the corresponding results are described below. 
linear code with only one nonzero weight (p − 1)p e−1 .
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where η is the quadratic character over F * p .
Theorem 4. Let g be a generator of F
Some concrete examples are provided to illustrate our results.
and a These results coincide with the numerical computation by Magma.
The proofs of the main results

Auxiliary results
In order to prove the results proposed in Section 2, we will use several results which are depicted and proved in the sequel. We start with group characters and exponential sums. For each b ∈ F q , an additive character χ b of F q is defined
for all x ∈ F q , where ζ p = exp Let η e denote the quadratic character of F * q and is extended by η e (0) = 0. The quadratic Gauss sum G(η e , χ 1 ) is defined by
We denote G e = G(η e , χ 1 ) and G = G(η, χ See [10, 20] for more information.
The following lemmas will be of special use in the sequel.
Lemma 1 (Theorem 5.33, [20] ). Let q = p e be odd and f (x) = a 2 x 2 +a 1 x+a 0 ∈
where η e is the quadratic character of F q .
Lemma 2 (Theorem 5.48, [20]). With the notation of Lemma 1, we have
For α, β ∈ F q and any integer k, the exponential sum S(α, β) is defined by
We recall some results of S(α, β) for α = 0 and q odd. 
s .
In such cases there are p 2d − 1 non-zero solutions.
It follows that f α is a permutation polynomial of F q with q = p e if and only if e/d is odd or e/d is even with e = 2m and α
The proofs of Theorems in Section 2
In this subsection, we will give the proofs of our main results presented in Section 2. Recall that q = p e , d = gcd(k, e), e/d is even with e = 2m. The code C Dc with c ∈ F p , is defined by
where D c = {x ∈ F * q : Tr(ax p k +1 ) = c}, with a ∈ F * q and c ∈ F p . For convenience we define n c = #{x ∈ F q : Tr(ax 
If c = 0, then
n 0 =    p e−1 + (−1) s (p − 1)p m−1 if a (q−1)/(p d +1) = (−1) s , p e−1 − (−1) s (p − 1)p m+d−1 if a (q−1)/(p d +1) = (−1) s .
Proof. It follows that
S(ay, 0).
A straightforward calculation gives that y
Then the desired conclusion follows from Lemma 3.
In order to investigate the weight enumerators of C Dc , we need to do some preparations. Observe that b = 0 gives the zero codeword. Hence, we may assume that b = 0 in the rest of this subsection. Let N ρ (b, c) denote the number of components Tr(bx) of c b that are equal to ρ, where ρ ∈ F p , b ∈ F * q and c ∈ F p . That is
Then it is easy to obtain the Hamming weight of c b , that is
So we only consider ρ ∈ F * p and b ∈ F * q in the sequel. By the definition of N ρ (b, c), we have
where
We are going to determine the values of B(b, c) in Lemmas 7 and 8. For later use, we set f a (X) = a
and the following assertions hold.
Proof. If a It follows from (4) that 
If c = 0, we have from Lemma 1 that
Lemma 9. With the notation introduced above, we denote
If a
Now we are in a position to prove Theorem 1.
Proof of Theorem 1. Denote
The code C D0 has length n 0 −1 = p e−1 +(−1)
q . By the first two Pless Power Moments (see [15] , page 260) the frequency A wi of w i satisfies the following equations
= p e − 1,
Solving the equations gives that
This leads to the weight enumerator and complete weight enumerator given in Theorem 1.
3.2.2.
The second case where c = 0 and a
In this subsection, we assume that c = 0 and a
, Lemmas 6 and 8, we have the following two lemmas.
Lemma 12. Let a
If f a (X) = −b 
